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Abstract (Basic) : JP 11243218 A 

NOVELTY - The PIN diodes (130,140,150) are sequentially laminated 
on a substrate (120) . The PIN diode (150) consists of i-type amorphous 
silicon layers (105,110,113). The i-type layers of PIN diodes (150,140) 
are made from fine crystal silicon. The film thickness of fine crystal 
silicon layer in diode (140) is 0.5-1.5 mm. 

USE - For solar cell of calculator, wrist watch. 

ADVANTAGE - Inclusion of fine crystal silicon, suppresses 
photodegradation. Performs optical absorption of long wavelength light, 
thus high photoelectric conversion efficiency is maintained. 
DESCRIPTION OF DRAWING (S) - The figure shows cross sectional view of 
photovoltaic cell. (105,110,113) Silicon layers; (12 0) Substrate; 
(130,140,150) PIN diodes. 
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y 3 >- ^^B^B® y 3 y t tfor ®T'?^Bg;$ fc 
J: 0 « i Sil^oW^a y 3 y<r)im%m<7)yi(.m^ y 

J: s n mm^(o^:>(-i^^^m-^ ^ 1 3&*-c# s 

t ^ t J: -5 T . 7ia*iMb«Oii'-=5: v-^lSo^t^^SS^it*!!* 
[0066] ^(yiz. :KhA-fe;K0nSiS*<8fcSfBi^y 

3 y. V ^tiis^B^B y 3 >• i: #B^B«i> y 3 y fc ^ 
o^B^Bi^ y 3 y^-iii MtwjSjgT'jKfia-rs c: t 

s i mmcomm^Bi^ y 3 y sr«i«i3!j»*»^.^^am#«o 
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:it.Mx.x. n sJi*W5 u 3 > - * § V ^\tmu 
ftv u 3 y t^^B^B^i^ u 3 y <r)zmx'mis.-^tih c: t 

J: 0 , i mm<r>^^B X U 3 yc73it«^33^^07j<^ 'f :t 
ymdZ i.hn Sil'^O:/^ - i^'$r®M-f hZb ifX # 
c: t J: o T , ^itcryj'-^^ \ ^iSv ^ptil^iasij^ ^ Vi 
t^-Thztt/iX'^t:. 

(0 0 67] tfz, ;KhAOiS;iT$).?.»S^Bi^'j3 
t , m.m^i^ U 3 V<05t©lR«a2r^# < "T^ i i: 

[00 68] if^hM.crammx'hi'mM^Bi^'j 

vy(7)mm^±Mi(^xo^j:imztxm< L-tzi^xh-^ 

X t> , U 3 yco 9 5 0 n mOTt^JRfSScSr 2 0 

0 c m- 1 JiLhtC-r •i)C:ttC J: oT. -tCh A-Cll:i^-i.'^£ 

[0069] ftfrwwi:, ;K h Aco i m.mx'hhumik 
im-t hztti^x'^hzt ti^m^'> fz . 

[ 0 0 7 0 ] . 5 YlVk ;1^> i M/StC^H^BV- 

[007 1] ^h(,z^ 5K;Hr;K ^'hA-b/UcOpiii: 
^^B^B®i^ U 3 y:^-:f^ym'^WM:th z t X\ ^i,z^ 

m^jm^^cT^mtsi^mE ( vo c ) ^\^±^-±hm^ 

vy:^-T)(ymizj:-oX. p i njf-^coi£flili;{a*<^S 
K^hfzibt^lhil^, tfz. 8S^^Bv'J3>'4>x-3t 

[0072] l^^^i/'J 3^®, feSV^i^^SKi^'J 3 
y;i&-;KVJSiOjK;i{±. 30 7ry^^:^ha-i>.— 4 50 
:t>'^:^hD-A, <};"9iif^ L<{i5 0^>':?';^.^^- 
A~3 503r>':/;?.ho-A*^'liaL.V''. tf^, 

KtOjKJfCO^N^B^i^ 'J 3 . $) § V H±^^B^B«i^ U 3 

( 0 0 7 3 ] $ ic>(;:, *%B^^«(m«W3?<^SSm, -7 
■i9'a^{0. 1~1 OGHz) r^XvcVDjSlcJ: 
^Tgi^B^Bi^y3y^JgfiKL.. S'^CJ^fiSc^frSrSS'ft 
■thZtiiZX-^x. XRIS&^**i!'-^v^^^<^fiji:^Bli^y 



3y^t§i,Cit*iT't'/>:. -?-<?5i^m. «ieai^U3>'Sr 

[00 74] iftfj. fi^*{i?%ifRFr9XvCVD& 

2rfflv>T^MB^BV-y3ySrJ^figfCV%7ttfO{:Mt. -^-^ 
^ nair^XvC VDjfeC J: oTfilJgfii' 'J 3 y?:^^ 

fz{i<nx-hl>> -e-c^Sifi, -^-f ^oife^rfflV^SitT- 
^< izWiM.mM^':^^:mx Lrzm(r)^mmmim\>^z 

iij:x/7iimiz&^^Tiz}iifi>7i<.mcr>ji^m}mf}m 
<m^^tL^\'^ztm(>zx'o. imLx\^imm<^^^ 

«=5:8iti^ai^ U 3 y^l^m-h Z b ifC^ itb^iLhlx 
[007 5] ;?o^r7X-7CVDaiCj:-5 

[00 76] ^h^Z^ ^ThA-feyUCOiSJBCV-f :7oa^ 

r 7 x-7 c V D}£tc J: Tf^fiK t /iJtlsw;§?a«o^«o 

;W:iSatLT8itMa>'U3>=S:fflv^Tt. 5 hVH: 

ii^m^<r>m^y^ - =j^m^i.znm-th z t ifix 

[ 0 0 7 7 ] ^jt:, m-^kmi^wm^zm^Ltci^hm 
mmm{,zmf^t:mm- & , \ ^i^i^ o-;^^y-o-;^^ 

^Zttl^X'^t;.. 

[ 0 0 7 8 ] HI 1 :iF-%m^n.m^^m-nm=F<m 
mi^mi,z7Frfimmx'h^ . aicfev^-c. ^^bj 

<0StBa3t®«:*^^{S. a^l 2 0±fc3OtfDp i n 

%>JAmi)^h1kx.Xm-<7iiP i n«^, 1 4 OJi^-cO 
P i n«-&, 1 3 OJiUZiOp i ngf-^TftS. 
[0079] Zixh3^(r>P i njf^ti, Sf*:l 0 0± 

i,zm^^tLrz±mm i o i jd j;t;^®Bj«iE;i i o 2±tc 

mm^iXfzijff^X'M . 3 -PCO P i n g^^cOft±gPlC3£ 
BHUffil 1 SbfkWmi 1 6A«JglS3*l.T, X^-y^' 

[ 0 0 8 0 ] LT, -eixmcOp i n^-&<i, nS® 
112. nSfit^BVI^SWilsJil 0 3, 108. iSSl 
0 6, 113, iSeiti^B^B4i3l<*iBl 0 5, 110, p 
S;il07, 111, 114*»^>^r.&. 
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[ 0 0 8 1 ] ^^^MTii.. m-Op i nm-^ffi i 
mJSl 1 3i:L.T^^air>'l>3V$^fflV^. m—<^P l n 

<7)P i n^ff) i S® 1 0 5 t LTSIt^B^ai^ U 3 y Srffl 

[ 0 0 8 2 ] 02 {i. :i^w^M<^mmm±mm-^m^(om. 
commmmiw^mzyji-twimmx'h ■& . a 2 ctj v % 

»). 2 5 0«3tAWiB!l*^A>^;tT^-<^P i n!t^. 2 
4 0J4S~<0p i n«-&. 2 3 0«4mH<55p i nj^-^T* 

[0083] CtL'^ 3-PtfOp i njg-^ti:, a#:2 0 0± 

(cjgji!t$it/i^R« 2 0 1 i5Xi/mmmws 2 o 2 ±tc 
as $ itJt <??-e*) o . 3 -oco p i n SE-&<?3S±sptcs 

BJS®2 1 5i:miWEfii2 1 6*iJgBgSfLT. 

[0084] -et-C, -etL-Pilc7)p i n1f-^{4, nSS 

2 08, 2 12, nffiiailgfB^#:Ji2 0 3, 2 0 9, 
iSJi206, 2 13, iffi^H^B^*S205, 2 
10, pM«207, 21 1, 214*»^>^?.. 
[00851 t^, *5feBB-C{4, H-OP i n®^0 i 

a«2 1 3 fc t-C^fB^B«>-'J rJVSrfflVV IgZcOp i n 

m^<o i MJi2 1 0 1 L-rm^B^B>- u 3 y^m^K 

Op 1 n»#<0iSJi2 0 5i:LTmiteai^Un>'Srffl 

[ 0 0 8 6 ] S3 J4, *%BB£0ailM5e^g«:^)#^c0g'J 

T, *^BBcO«iiS3tem:^3^^^«, ««3 2 0 Ji(C3 
OiOp i n»^*<WJi$a/c:^Jt^ LTfc 0 , 3 5 0(4 
5fcAlt»'^>a;lT|g-'^P i nS^, 3 4 0{4IIZ.cO 
P i n«^, 3 3 0{4IIH<0p i nm-^TAh, 
[0087] C:ix/?>300p i nfg-^{4, a#:30 0± 
izm^^tlfi^^m 3 0 1 is J:t/SHJ^®1 3 0 2 ±tc 
fltS^tlTttCO-CafiO, 3-?<0p i n«-^«OS±liPtjg 
Bfl®Bi3 1 5tmiSW^3 1 6**?^^$<xT, ;^:J' 

[00 88] *UT, ^tl-^tl(Dp i n^J4, nS» 

3 17, 3 12, nMej^B^B^#cji3Q3, 3 0 8, 
iffi«3 0 6, 3 13, iSmB^B^f*®3 0 5, 3 
10, p^30 7, 31 1, 3 14*^^>^i., 
[0089] tti, *I6BHT{4, m~<7>P i nS^<0 i 

S«3 1 3i:tT#S®>''J3V$:fflV'>, lllicop i n 
g^c0iMa3 1 Oi:LTfiS^Ss^ll3y$rfflv\ 
<Opl nfi^«0iMJi3 0 5i;LTfil^ai^U3^'^ffl 

[00 9 0] ^ris, 0l^v^LISI3oaeS3t^S:^3^ 
^fcfcV^-Ctt, P i nfif^OnSStpSflfc^rAiim 

[0091] mr, *?feBj<oajis3tem:'3^^«^«-is 



[0092] (SfiR) ^»J11 0 3~1 14{4, 

V\ tfz. Ztli>li. S^tttiOt COT'S) oTfc, 

[0093] :ir«=6*)l={4, Fe, Ni, Cr, Al, M 
o, Au, Nb, Ta, V, Ti, Pt, Pb^CO^ 

;i^UrDtfV>', --KUJS-fkb-ri^K ;K>JJa-fl:h*:=.'J 

mttzliytiXV^SiOt. SijN,, AI2O3. Al 

[0094] ^m-^^^f-mcr^mt UTfflv>«,tctt, 

h^i,ziiimmeom^-^ti&m(r)mmi.zA i , Ag, 

Pt, Au, Ni, Ti, Mo,W, Fe, V, Cr, 
Cu, X^yUXm. MUu —i^XDM.^ SnOj. I rij 
O3, ZnO, I TO^£OV>*>t9>.&^JS*#:tL<{4-& 

[0095] ^m. ^wm.tf^^B^(m'mi*rch-yx 

^ixhm\zm.»xi>^\^. tfi. mmti<im^mmx'h 

t-t^m^izit. m.mmmwst-fm'^±Mmsim<rm9. 
^mmi^ibimmj&Lxi3<z tt^t lv^, 
[0096] mmcommmi. \^io<^h^mmx'h':>x 

-oT, i}^-o^<^M:k-m^ (Rmax) t:MtL<itO. 
0 5 umr3m2MmfthZ tizj:*) ^ K*®T*«?WtS 
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[0097] L.*» L=5:*^'^> . S«xcoSjt±fc il/^TXffiVi 

s. 

[0098] <Sffl^®, ^t^m ) *^BJt=fflV^ <i>ix 

hW^Thh. Lfzi/^-oX. I211<7)1 0 li7)ffia*\ $> 

ItSii-^icti 1 1 5co{aBtc@Effi$ix^, 
[0099] SMmSiwWt4i: LT«. iS, IB. T 

[0 10 0] ^t^X'h^ T;l'5-'>A. HSl. m. 

[0101] ^tz. ¥iBT-S)-^T*, 

lllk^Oli5$<0ll*«RmaxT'0. 2//m3&>^,2. 0// 

[ 0 1 0 2 ] fcj^iL. wmmmmm:mt).his,^t.z 

[0 1 0 31 ^^c, Sa«ffiOJgfi£tC{4, ^^N* 

t>\iZ. ^wm:%^t^'SL-thm{hm^''Z^m-h^-^ 

i,z\i. mWLLtz±m,hh\>^\i^<nm:\^y-(:'^'y^> 

h\,^\i^^^mm-ri>:ihi,zx*). tft^^-thmihm 
[0104] mmmmi oit nmw^i'^mwm i o 

0 1 i:mm-h±mjmii^nmwM^B^mwm^^tm 
::^•r•¥^«!J^&8^^T1£^t<^i^^Sffiml o\tm 



[0105] ( i S« : I V- I 

vmx/l I I -ViK-^^f^a^fWt^stJrfflv^n: 

[0106] i mmt LTti. «*HzpM, fil*H:nS 

iOil t figffl-r & C t ifiX' ^ h . 

10 10 7] I V- 1 vm&if 1 1 1 -vm-k^n^ 

W^^mtm^zli^ 7K^M^ ( H . D ) ^t:^iJ^uyy 

JI^ (X) *-'#fl-$fL, iix*^*S^i&#€:qg-r4. i 

mmizii^^ti^TiimM^ {H, d) ^Ttii^Nnyyn 
( X ) (4, i ( ryyo y^if^y Y ) 

[0108] i SiSlc^^SixS7j<«lS^^^t4/i5± 
l^fysoyi^lS-?!*. 1 ~4 0 a t %*<;Kat***«i: U 

cO**B{i-C'*#K^^ f>!J4/fc J: tff^X3yyWi-<r>is 
yym^cr,-t^m±J<Jl^i^\f^(r>'^^i<Dl. 0 5~2fg 

co&mti<-»tL\'^msitLxmift>tih. $4>c. 

coX'hi>. 

[0109] *%BBc03te®m*«^t-*JV^T, Sg-<0P 
i n^-^ 1 5 0^0 i 1 1 3 J-^^-fS^SIfWISJi: 

nS-&140<^iSSllO S-fllfiKi-S^fWfi^i; L 

T{i:^Si'U=i:^A<fflV'><i>ix. HHcOp i n«-^l 3 

OCT) i Mill 0 5 ^mm-^^immt Lxum&ra 

[0110] ifswi' ^J^y. fiifssi' u 3 i'tJ. 

^vy^^yf^yY^mm-Thfcmizx-yx. a-si : 

H, a-Si :F, a-Si :H:F, juc-Si : 
H, jwc-S i : F. /zc-S i : H : F^t^lSSix 

[0111] ^t^swtcjis mtii. ^^^(ommm^ 

m,:f3^=FlZiim^m-'C0p i n»-&l 5 0«0 iMJBl 1 

stLxii, imco7iimim^BV'^u^y ( a-s i : 

H) i3<mf^tl. -eOJtttti: LTti. ^'^6^J<yY^r 
•yr(Eg)*n. 60eV~l. 90eV,*5iII^ 

(CH) *<1 . 0~25. 0%. AMI. 5, 
10 0 mW/c m2 0^{a*ll7iiBBMT03KtS»« ( o 
P)ifil. 0X10-5 S/c mlil±. Bgm^JK (ad) 
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*5l. Oxio-ss/cmUiT. o>x^y\-yirht 
uvh^y-yH (CPM) tei&r-A yjS'X'?-!/'-** 

5 5 m e VJJtT. mtEm^^mt 1 0 1 7/c m3 JUT 

140OiM;ill0 Sr^fig-t 1.^3^0 U 3 >-«7)J^JI 
(40. 5/imJJLhl. 5xzmOTc7)MHTS)l>. tti^ 

m-(r>p i ng^-^o i mmi:m0.-ti>m.m^Bi^v 3 ^(4 

ifeSv- 1» 3 y<09 5 0 n m<03t©IIK^Si(42 0 0 c m-i 

[01131 t^^, *|%BB<^3tie«:^33S^mH«Op i 
nS-^l BOtOiM^l 0 5Sr1i)3£-r^^B^Bi^U3>' 

Kfffil. 5/^mm:3. 5;LcmJ.:iT«oa£fflT«>.& . ^ 
mHc7)p i ng^«0iS«T$)-SMi»Si^U3V{4 
-■KoyS'^^LTfcO. -?-0.-i<oy-^fl-4«Sppmia 

T-c$>s. $^tc, hzcop i nts^c7)immx'h?>Wi 

m^'^ y 3 i^«09 5 0 n mc7)3t©JR<^Sc(4 2 0 0 c m-i 

[0114] (pmmttiitnmm) pmrnttiiinm 

[0115] pmmttziinmmco^^mim ( >" a 

-J tBsie-r-s.. ) , sitiSB^B«f^ ( r^tc-j tB&ie-r 

i.) tLXli. mUi. a-S i : H, a-S i : H 
X, a-SiC:H. a-SiC:HX, a-SiG 
e:H, a-SiGeC:H. a-SiO:H> a-S 
iN:H, a-SiON:HX, a-SiOCN:H 
X. ;uc-Si : H, juc-SiC:H. jjtc-Si : 
HX, MC-SiC:HX, /xc-SiGe:H, uc 
-SiO:H, //c-SiGeC:H, x^c-SiN: 
/zc-SiON:HX, ;uc-SiOCN:HX^ 

tzpmcr>m^=mmm (^^^^i i imm^-. b. 

A 1 . Ga. In, T 1 ) ^nScO<l«^$lJfflim (JISB 
^«mv^^: P, As, Sb, Bi ) ^nm^izm 

[0116] ^i&mm ( Tpo I y-j tmi-r?>) 

bLXli. mtifpo 1 y-S i : po 1 y-S 
i :HX, poly-SiC.H, poly-SiC: 

HX, pply-SiGe: H, poly-Si, po 
ly-SiC, p o 1 y-S i Ge^tCpScOWH^®! 

fflM (jg^^^I I iSaS^ : B, A K Ga, I 

n. T 1 ) ^nm<omm=mmi (mm^^'^mm 

^:P, As, Sb, Bi) SrJSiftKt^aain U7t«^3&« 



10 117] ^mz. ytxmm<7>pmjstminmmiz 

cr,jK^-^i¥^Bm^i^mtimLx\^i>, 
[0118] pmm'^<^mm^m 1 1 1 mm^(r>ma 

0. 1-5 Oat%*<gMi;t-C^{fii>nS. 

[ 0 1 1 9 ] ^/v:, pSiS^JttinSJlti-g-^tSixS* 
D) ^Jttivsnyi^M^tipSJStJtJin 

Jt{4 n Mil^«?>jD$fL-l.*^M^^*:t{4>'Nay >'M?^ 
{4. 0. 1-^40 at%t^&mM.i:LXmf(>tli>, ^ 

1, z. pmmttzi±nmmti<m^B^cr>^'^. yiimm^f-ttz 

l,t^\njry}^^l,iO. 1 ~8 a t %ti<&mM.b bxmf 
co^^mmX'7iim}MTttzi.i/'iiXX/-'^o-ir'ym^cois 

^mifi^<-i^mLx\>-^th<r>tmt Lv^^^^jgiBt vx 

>'®^F^0■^^&fi{4>' nVU:? 1 . 0 5 — 2 

[0121] Z<7)J:5l,Zpmmy iMM. nSS/lM 

i^<-t^:itt,zx-^x. ^^Wi&mcox^&miL^mM 

[0122] ^m:^3^^<OpSJ1^7t{4naJioS^ 
Ittti: LT{4, ^g'HMl:x;t-;P=3f-j&*0 . 2 e VfilTcOt 
t L < , 0 . 1 e VOTO t> c7)*^^T'J> S . t. 
fztmUt LT{4 1 0 0 Q c mUWif ^ L < , 1 ft c 
mWT**«3St:'fcS. S'i>fc, paJi*^{4nSyBOJl 
JI{41 — 5 0 nm*«iff*L.<, 3 — 1 0 nm*<it3irCS> 
I.. 

[0123] (^2if!^ii<7)m:^j£) **BBoaas* 
m^ij^m<r>^»mt lx , i vm&x/ 1 1 1 

^S^3t:^S{4, v-f ^ajSr7XvCVDa-CS>0. 

t»®^«5t:Srj£{4R F c V Dmxht . 

[ 0 1 24 ] -^'f :?o^r9XVCVD&{4, J^^® 

i,zx'^&mmm (SSf-vy>'-^-) {cj[Siief;iirx, 

■oT%ffi$iX7tv-f ^ o^^^^^/v:(4|S|ltt^^-7";P 

izx^xm^. mmi^m (r;^5:^■fe7S•y^x^) , 
*Jt«4ttS!.Wtcit«SJ; O^^ftTt^m ( N i , 

mw:^(7)yyx-7^^^-^x^mL, mmmmizm 
m^tifzmwLti,zmm<r)wmi:mm-?>i3mThK) . 
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[0125] *%Hflfi011^S3tS«^)#^^#:JiS: 

Ml*I<OS«iaKtt2 5 0 — 5 0 0*C. rtffiiO. 5 — 2 
5 0mTo r r, ^'f^nj^ys-'?— {±0. 01~1W/ 
cm8. ^'ojSOJSiSdattO. l~10GHz*Jif 

«lffl^l*I<0««^aigJi:l 0 0-3 5 0*C. I^SJi 
0. l~10torr. RFVN'V— {±0. 01~5. 0 

1 0 1 2 7 ] tTt. *^BJ«7)«jiS3t«a«:>]^^«?)i|i?^ 
- • n-;U (Roll-to-Roll) :fj^i,zX h h 

htiox'h^. zix^zj^-^xmrncD^mi^-^i^^h 

[0128] *^Bjc7)ffi«ffi3fesii:'3^atc»ii^ I V 
ivmm/i 1 1 -vi^^^#B^B«*«*Ji<oitar 

[0129] i^'j 3yii^^2:#*-ri>?yx^i:Uf ^-fb-^ 

mif, SiH4, SijHe. SIF4, SiFHs. S 
iFzHz. SiFjH, SigHg. S i D, , SiH 
D3, SiHzDz, SiHsD, SiFDg. SiF 
jDj. SijDaHa, {SiF2)5, (SiF2)6, 
(SiFj),. SijFg, SisFg, SijHjF,, S 
ijHaFs. Si C I4, ( S i C 1 2 ) g > S i B r 4 . 
(SiBr2)5. SijClj. SiHCls, SiHjB 
rj, SiHjClz, S ijC l3F3^i:'<7);<fX^^®<7)t 
CO. t tzii^^l,zA':^itLn^ hcDt^mWhfih . 
[0130] y)V-7-^M,m=i-'&-t^-ti>:^'MtU%^ 
•fk^^LTJi. GeH,. GeD4. GeF,, GeF 
H3, GeFzHz, GeFaH, GeHDa, GeH 
jDj. GeHaD, GejHe, GeiDs^t'A^^tf 4.iX 
S. 

[0131] iSt5gS^^2:-^*-ri>7y^'fliU#2.'ft-^!t*Jh 
LT<±, CH,. CD4, C„H2„,2 (ntifiSt) , C„H 
2„ {MtmSL) , C2H2. CsHfi, CO2. COtj:ifif 

[0 1 3 2] g^-S-^r;<fXi: LTti, N2, NH3, ND 
3. NO, NOj. NjO^fc'd^spJf <bix§. 



[0 133]lf3g#^;{r-^i:UTti. Oj, CO, C 
Oj. NO, NOj, N2O, CH3CH2OH, CH3OH 

[0134] t.tz. mm^F-um-htzMzpmmt.tii.i 
[ 0 1 3 5 ] ^ 1 1 1 im.TmKmo>\^m!int lx^ 

i: LT, B2H6, B4H)o. B5H9, BsHu, B 
sHio, BeHij, BeHn^irtO^S-fk^Jfo:^, BF3, 
BC l3^cr)>'\oir'>-fI:,-Ko>^$:^{fSC:t*»-C#, 
.I<7)fllJtCA 1 C 1 3, GaC 1 3, InCl3,TlCl3 
^t%W-I.C:i:*iT-#, JtttCBjHg, BF3*«3SfC 
V>.S>. 

[0136] mvmm=m?j%<^^mmt tr^tc 

H4^fc'tf07K»-fbfiS, PH4I, PF3, PF5, PC 
I3, PCI5. PBr3, PBrs, P I g^t'cO-'Noy 
Wb^Wf^il, ^Ofi&twAsHa, ASF3, AsC 
I3, AsBrg, AsFs, SbH3, SbF3, Sb 
Fg, SbClj, SbClg, BiHj, BiCl3, B 
i Br3=S:i:t^»fSC:i:**T-#, i^t^PHs, PFajS* 

[0137] ^7t, ±iecO;*':^-(l:U#&-fk-^%?rH2, 
He, Ne, Ar, Xe, K r^rJf<0;<f;^'CaQi[^^t 

[0138] ilttl, SSiSfB^i^s^a- S i C : H^O 

■^{S, 7f<^;!fXT-2~l 0 0fgCIIf4?!rx5:f6S?LT, 
-e-f ^' 0^>'N-V-S>i) V^{iR F>'-?<7-S:Jt«SW^V VN*V 

[0139] (^ajmiS) *5%BfltctJ^^T, m^^VMl 
1 5 {±7t^®jg-r ■S.3tAtflRI<^)«ffiT'J) & i: i: t tc, ^ 

SiJt^iaTUS. ^Hj^i 1 5\,z}.t^^m<^mx^ 
fc{tS^**«8 0%m±, iOffSKJiSS^fiLh 

[0 140] mmmm<7)mm\t. nt.L<\i5 

xlO-3QcmmT, <fc'9»SiL<J41Xl 0-3ncm 

OTT-*) 1. t A^'Mi Lv 

[0 14 1] SBJ«flEc7)«iPftLT{4, InjOa, Sn 

02, ITO ( I naOa + SnOa) , ZnO, CdO, 
CdjSnO,, Ti02, TazOj, BijOg, Mo 

03, NB.^Y{o^m<nmn/&mim. fesv^ii^tt*,?: 
[0142] tfe, ztiti><oit^mtz. mmmi^^ 
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1 0 3*«ZnO<^ii^Cli:A 1. In. B. Ga. S 

e. Ti, Sb. Pb^t'*^ $ A>{CS nOjCO^C 
{iF, Sb. P, As, I n, T U Te, C K 

Br. imifiimi>zm\'^htLi>. 

[ 0 1 4 3 1 ^^v!, m^nmMcomf&^mt txn. mm 

CVD^. ;^ri'-5£. ;x.f>':t>'&, -rvrS^S: 

[0144] (mUmSi) ^^gBJlCfeV-^T . MknM^ 1 
1 6{i, SBSmfiil 1 5^0«tjt^*^'3E^^•^K<T••#=5^V^Ji 
•^Cfe-Sl-jetT^BJ^SSl 1 5±£0— a5:»^c:?g^S 

[0145] *S««i<OtJ!pJt LTti, iS. T 

[0146] ^/c, 3tiei;:?3^^<7)^^*:<0®m<^4'T'S 

S U < 1 0 %mT, ^Mtcfi 5 %UT*^ail LV^, 
[0147] mMMB<r>y^^-y<7imi^i'Zii-^:^^ 

EPSiJ&^:i:*>'fflv^<^il|,. 
[0148] ^tiS, *!%BJc7)aaSatS^:lDlg^Srfflv^ 

nmnzmmL, mmtmisiz^Mmt:mm.L. mtx^ 

[0149] 

ifi. z^^mztiheom&Wzi^^m^^tihi^f^X'ii 

[0150] immm i > ia4 iz^rtmwm^m\'^ 

g4 0 0{i, MWPCVD)fei:RFPC VDft<7)3K:S-S: 
SISrrS.rt^'T-t'-i.. ^«itffi^^4 0 0 2rfflV%T, 
3tRStJ110 1, 10 2Sr*-rS»K4 9 0JbK:=S-^ 

[0151] lt«SSSt::«i. ^i2^iOM^;{f;^'+^ 

\^-nHiimm.(>znm^titii:>(^x\ siH,:^':i.:i< 

CHt:^XJi(y^^ GeVlt:^:^7i(y<. SizHe 

3ffx:i(y^. PHg/Hj immm-. 2. 0%) iixif^y 

BjHs/Ha (^ffi: 2. 0%) ^';?.^>"<., 
HeXf^;J<>"<., S i C 1 i^z^'^^y 



Si Hi/Hi (*iKJ@E: 2. 0%) /r:^!Ky'<.^S 

[0152] mz. 1 0 K wnmm.m 102** 

J15j5S;$ixT<'^l>a®4 9 0$rn-K^^>'>'N'-4 0 Irt 
«0ffi«Jffiaiffl^-;U4 1 3JLtCffiSU, ^I25^<0K^^ 
r^^'^-ric J: U D- Hf-v >'>'<- 4 0 1 rtS:E:?3***«H 
X 1 O-^To r rtC'SrS^'CKffiP^Lj'S. 

[ 0 1 5 3 ] $ ^>i=. ^^<r)M?s.mfMfyrizt 

Lri3».^/^M5*^-v>'>N'-4 0 2M/mm^ 

tl. «^4 9 0tf0S®2:a«ailSfefflt-:J'-4 1 01=8? 
3t$-<*-rjDS!lt, tm^'^y.X-A 1 7l*lSr^0*cOg 
Sm^i^rtcJ: OE:tl****;l x l Q-^To r rt^S 

[0154] IJUbO J: ^ tc LX!S.m<mmi}^^TLt: 

'ik. H2;^7.x&tt^^-v>v'N--4 1 7rt{C;<f:^^A'i^4 
2 9 2rjlt-C®AL, H2X?:^ffifi3{P3 0 0 s c c mtC 
^rS<J:dtc:>'<;U7'44 1 . 43 1, 430?:ra»t, -^X 
yu-ayVa-y-ASexmmLtz. lt«f-vW^ 
— 4 1 7|*I<7)jE^J*U . OTo r rlC^rS J: 

(7)ay'fC7i^yxf<)V:fX'^k\.tz. 9 0<oias 
5 0°Ctc^^ i 3 tc««JnlSifflt-^'-4 1 0 5:15 
^ U , S«vSJS*^"S^ L/SfcCl^f. ;Ltc-Si3!)»4>'5: 
^^3c7)RFnM/il 0 SSrJgfigL.:/^. 
[0155]/xc-Si *>4>^rl)|l3<ORF nSig 1 0 
S'kJBm-hl.Zlt. ^tm^^>'^^'-4 1 7|*I{CS i H, 
t'X^ PH3/H2>!7";?.2r>'-?;P7'44 3, 4 3 3. 4 4 
A. ASA ^mf- LT ;<fX«Al?4 2 9^3 tT^A t 

[0 156] ^£^i:#, S i H4;yXiD8iE»**0. 4s 
ccm, H2;)y;^<Ogi[*3&*9 0 s c cm, PHs^Hi/f 
X(^m.M.*^0. 5 s c cmt^^ J:atc:vX7D-3y 
hP-5-4 3 8, 4 3 6, 4 3 9-C'lBSL, lt«-f-v 
yj<-A17P^C0Ztlli±l. OTo r r t!5rS<totwP 

[0157] SJWIiS (WT TRF J i:BSi5-ri>. ) 
A 2 2(7)^.^^:0. 5 5W/cm3tc;iS^t, r^Xv 
?g«ffl;&vr4 2 0lcRF«:?]5:«AL, ^^a-ScS* 
^±(C^3C0RFn^cr)?g«Srraj!&L, 
S/11 0nmCDm3cORFnS;i$:Jg^UJttCl-5>T'R 
FWm^<l}-r>Xi^o-tm.i±i^. m3<^RFnMiBl 

0 scomsS-i'^tti, mm^f-^yj-^-A i7^^<ds i 

Ml*It3j:t>';5.Xffi«=l^2: lxlO-5Torr ^TStSSf 

[0 158] ;uc-S i*^<^^.|>ll3cOMWiM 
;il05, a-S i*»^>t(r«)ll3c7)RF iSSl 0 6Sr 

[0159] ^-r, ^H^^ossstm^vrtcj; o?-*^ 
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gj^^ yyN'-4 1 8 rt'^y- h>N';Ur4 0 7 SrlSftTS 
«4 9 OSrffiiiLi^c. S«4 9 OcOSB^Stt^fflt 

CO 1 6 0] ;uc-s ii}^t,^hm3mm i^ma^ 
m-iui. mm4 9 ocoiajg^^'s 0 ox:i,z^hXoi>z 
mmmm^-i}'-4 1 i^is^t. ««3&f-hB-jpt^.$ 

iXTt t C:-?)TVN>y4 61, 451, 450, 463, 
4 5 3Sr#'?i:gBViT, S i H4;if;:^, Hz;^?^?:;!?;^^ 
A't4 4 9 SrjlLT i M;Slta-^-\'y>'N'-4 1 SF^toTi 

[0161] Zcr>b^. Si H4;<^.XOyfifl;*^*8 0 s c 
cm, H2X?;^(7)SLl*i"240 0 s c cmt^^ J: ^ {C 
*/?<0-5'>?.7Q-3yhO-9-4 5 6, 4 5 8T'iiS 
L/i. iSSJtS^^i^>''^-4 1 8l*l«0ff:^:«, 5 0m 

raPi&i^L^. RF®®4 2 4$rO. 2 2W/cm3 

[0162] -?-«OfA, :^I1^<5DVW ^d^^jS (2.4 
5GHz) iO«::'32rO. 1 2 W/c mH^ISSL, 

-^4 2 6Slzxv>( ^cim$xmm4 2 5 srat-c i s/i 

it«f-vWN'-4 1 8l*ItCA«W1g;:f)2r^AL.T^''Q-5!j 
^^^e^-tir, i^^-y:J'-4 2 7 2-ratt.i)C:i:T-M3<7) 
R F n SJi±l:ll 3 <OMW i SSCDf^Sr^iff U , MM 
3. 0//m<7)iM«^f^S{L.7ti:::^-C'^^W:7-o-JSclg 

>'s-<r;^l:j!g4 2 4coi±s:^5-«0, ii3<^mw 

[0 1 6 3] >'N';l^7"4 5 1, 4 5 3$:iBL:.T, iS^it 
fflf-A'W^'-4 1 SP^^COS i H4;i?X, <?5efiA 

$r±J6, i MJlit«f-v 4 1 srtfe J:T/jif;2.ie<g 

|*J^1 XI O-STo r r^T'K^Sf^tTt. 
[0 1 64] lg3cORF iMiil 0 6^f^-ri>tci3;, 
S«4 9 0cr,i§Mi)^3 0 0°Ctc^-S. J; -5 tcSKJO-^fflt 
-:?-4 1 It-I&^L, ffi«[**+i«-MSiX7ti:::^T- 
-'nVI/7'4 64, 454, 450, 463, 4 5 3 5:^'? 

i:mLx immim^^y.x-4 1 sp^izmj^^-ttz. 

[0 16 5]J:Ot#, S i 2H6;*'Xc75jji[**^'3. 8 s 
ccm, H2XfA<oafi*n 00 s c cmi:^^^J:3^- 
*«<0v:;^7^— 3>ho— 7— 4 5 9, 4 5 8T-PM 
t5t. iMilita^^>'>''<-4 1 8l*I<7?ffi::':{i:, 0. 8 
To r rt^j:hXdl>ZTm^<7>=l>'^i^^y:!^-><}l-y(r> 

[OieeiJXtC, RF1g®424Sr0. 008SW/ 
cmSlc^L, /UT^m4 2 8i,zmnL-Z^'r>-n 
iSS:±*a$-y:, i^-V"y^'-4 2 72:llttl>C:i:T-|g3(?3 
MWi^±lcm3«0RF iSJg£0f^2r^$&t, «/I 
2 3 n in(50 i S/l Sr-f^ Lt: tZ^TRF ^o-»«$r 
±«>, RFmiS4 2 4eoa^l2r-ro'9, ^3iORF 



1 0 6<WSSrif^;t^. 

[0167] A;U7'4 64, 454, 453, 450?: 
mtT, iSJlifimf-^>'>'N'-4 1 8(*I^«0S2HBXf 
Ha^-XcOgSASrihii^, iffiaitS^A-WN*--4 1 
8l*lt5J:l/;yxlJ'g|*i«: 1x1 O-^To r r ^T'SSSf 

[0 168}iJ:lC, S i C*>^>^6lg3C0RFpM®l 

0 7 ^m^-thut. ^^ox^sfSv^i^yrtcj: 

a6SS?ll^ LTt5t.^7tM3llf-A'>'>'N'-4 0 4at/pffi® 
imi-^ y^-^-4 1 9 hJ<JUr4 0 8 Sr^tt 

T , i&K4 9 0 S-JSSM Lt:. S«i4 9 OcoSM^aSOm 
fifflb-^'-4 1 2twS=«:e-ti-TjDl?feU, pSJUtSf- 

A'y^N'-4 1 9i*i5:^[l*<o*SSf^;K>'rtci Off:*? 

i}mix 1 O-STo r rl,zyk^tX'M^m%Lf.Z. 
[0169}mWL49 0ff)mmi3^3 00'ClZ^^Xdl,Z 
S«»,fflb-:?-4 1 2$:i£^L, a«jaJK*^3c^L 
HzXf;^, SiH4/H2Xrx, B2H6/H2 
/rx, CH4;irxSrJtS^-^i^>'N'-4 1 9l*Ifc:A;py4 
81, 471, 470, 482, 472, 483, 47 
3, 4 84, 4 7 4$:t»#LT;erx«A«4 6 9S:iiL 

[0 17 0] H2jS'XOgEfi*<7 5 s c c 

m, S i H4/H2;{f;?.<?)8Sg*«3 s c cm, BzHe/H 
2X^'XcOijSa*»'9 seem, C H4;<fXC7)g£a*<0 . 1 s 
c cmi;=5:4J:dtC'7;^7a— 3>'ha— 9— 476, 
477, 478, 479, Ttlil^tJt. it«^-\':^>'<- 
4 1 9 l*IiOE:JD{i, 1. 8Tor rb^^J:dl,Z'^^7f: 

[0 1 7 1 ] RF^l!S4 2 3<7)li::>32:0 . 0 9W/cm 

^twiftSL., r^x-^m^/j vr4 2 1 i,zRFm.:fi^: 

iiALTj/o-iWtS-^S-a:, iSJl±Klg3<0RF 

pMOJg^ic^rai&t, am OnmCORFp^SrJ^ 
fiitL;t:i:C:-5TRF«igSrflJ-5T^o-Sc««r±*, II 

[0172] M';l'7'4 72, 482, 473, 483, 
474, 484, 47 1, 481, 4 7 0 SrHtf pS 

mmm'}-^y^'^-4 1 9i*i'v<:os i HtyUi^x. 

®ttfllf-A'>'/N'-4 1 9i*iiJiUf:!y;^ffi'i=rtS: 1 x 1 0 
[0173]Atc-Si *»/i,^rSI|2<0RF nSii 1 0 

9cr)mm±. t-r. T-m^r:coM?Em%^^yyizx*)^ib 
LT*>v^7t^iMf-^>'/'N*-4 0 sai^iaeit 

Sf-^>'yN--4 1 8F«>l'sy— h^NVpy4 0 8 ?rS?»tTS 

^4 9 0 ^MJ* L, $ /btc^SS^sO^^Sf^^Kvric J: 
'0^i^M?^3\^ LXii\'^fzmM^^'y■''^-4 02RX/n 

MSiSSEf-A- :^>'N'-4 1 7 F^'vy- ^y^v^7'4 0 7 ^ra 

»tra«4 9 0S:JI85^L^. 

[0174] mW.4 9 0OSffl$:««SDf»fflt-^'-4 

1 OtCS&«f$-<irTSng&L, nSJiita^^WN'-4 1 7 
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Tor rlZ^^^fCM?SSmtt:, S«4 9 Oe7)jgjg*^ 

3 2 0-Clc:^*<J:otcS«JlD^^t-^'-4 1 0 

mi.iBSl*^^1&Ltzt^^X\ S i H4*'^. PH3 
/'H2/fXiimi-^y^^-4 1 7 |*Jfc:v'?;Wr4 4 3 . 
433. 444, 4 3 4S:Sf^LT**>^*A'g4 2 92: 

[0 1 7 5] iiOi:#. S i H4XfXiOgriS*«0. 6 s 
ccm, H2;iy>^«08Efi**l 5 0 s c cm, PHa/Hj 
;<f;?.<7)8itS**3 s c cmi:^^J:d(cv;^.7n-3>'h 
a-5-4 3 8, 4 3 6, 4 3 9TiraSL, itSf-A-y 
1 7l^<0E:tlJ±l. 2Tor rb^i>Xo(>Z?m 

Lfz, 

[0 1 7 6] RF^i[g42 2coa:^S:0. 0 7W/cm 

SflcOJBBE^^«rt, flffl 0 0 nm<0ll2<0RF nffl 

gt2<0RFna®l 0 8c7)J^^5r#|;i:<:„ 
[0 17 7] mk^-^yf'^—'^ 1 7rt^cOS i H^ff 

^i.l/iJXW^^^ 1X10-5 Torr tX'^^\$^L 

[0 17 8] /^c-S i*»A>^l.ll2cOiMill 1 OS: 

t•Ci5V^;tffi3llf■■^'>'>'^'-4 0 331V i mm 
itfll^A'W<-4 1 8rt'^^^'-h-'N';L'7'4 OS^raitT 
mSLA 9 0 i&SBt U , $ ^> tc^T^H^coJES^f^JK^-rtc 
J: O'Pi'^K^g^lS L-C*3V^/ca8a^^A'>'^<-4 0 2S.t^ 
nMJllta^^ >'^N'-4 1 7 l^l'^ir'- b A;w:?'4 0 7 ^ 
^ftT««4 9 0 L^c. 
[017 9] WS.A9Q<nUWfi'2.9 0X:i,z^shXo^z 
S«SD»lfflb-^-4 1 1 ^fg^t, S«*^'+^JD^$ 
iTJti:.r^tvsVl'r4 6 1 , 4 5 1, 4 5 0, 4 6 3, 

4 5 3^^'«rtcrav^T, SiH4;ir;^, H2;<fXS:;<^^«» 
A'g4 4 9S:aU'C i SJl^tSf■f-v^'>'^'— 4 1 8l*IlwgiE 

[0 180] S i H4;«r;?.<7)gia|*i4 5 s c 

cm, H2;<f;^«0S[JI*U 500s ccmi:^?>J:ot 
^'5rOV;^7D— ho— -7— 4 5 6 , 4 5 8TliS 
L7t. iS®itaf-^>'><-4 1 8rtcOffi:f3l±, 0. 0 
4Torri:^:SJ:3 fc:^^<^)3 ^ >';;<.-'n';U7' 

[0 181J<?:{C, RF«ilI4 2 4SrO. 15W/cm 

-'NMr;^»4 2 8tcEpjDtJt. -f-ioas ^ 

WTi<^-7^-S''OTAnM{0. 5GHz ) iOm:^32rO . 1 
OW/cmadiS^L, >'nM r^ig4 2 SSril tT i S 
®«ISIf-v>'^<-4 1 8i*it:v-< ^ojS^«::>3^AL^o 
-»«$r±je$Hi-, m2<ORFnSii±twm2<7)iSS 
<0fmi&ra«rU, ®/fO. 8*tmtc3IL7tfc::'?>-e^o 



A-fT;^miS4 2 4<?)aJ:^?r«J0, ^2 

<?) i S« 1 1 OcOf^MSr*?^.^^. 

[0182] >'N';Uy4 5 1, 4 5 3S:fflt.T, iffiflife 
Q-^^>-y>;_4 1 Srt'^iOS i H,;*';^, HjXfXiOlgA 
?-ih*b, i Silita^-^' WN'-4 1 8l*IfcJ:Ufj!f;^E« 
t*)2r 1 X 1 0-5TO r r tTffiS^lf^tfc. 

[0 183] S iC*^/o^l)m2<50RFpSSl 1 lO 

mmi. f^3(nnFpmmi 01 ffyifmtnmcumx' 

ffiilarU/ifS, H2;<f;Xc7)Sfi*^SO s c cm, S i H4 
/'H2;i?;^<7)gita*^'3 s c cm, BtU^/Hi/}X<7M& 
if9sccm, CUii}X<r)^M.ifiO. 2sccmfc^r 
hXo^Z'7xyu—zi-y\-'a-y-X'm^L. S^'SS 
2 6 0*CTiTo3t. ^-Offeti, |g3<0RFpS;ii:liai 

[0184] a-S i*><?)^rl.Ml<7)RFna«l 1 2 

■^^WN'— 4 1 8}^^y—Vi<')\^'fA OQt:WfXWSL 
4 9 0S:MJIit, ^A.tc^H^KCOKSSfm^V-rtcJ:'? 

tTtSV^/iMjll^A'>'>'N'-4 0 2Zit/fna 
yj<—A 1 71*1^^1^— h^<;U7^4 0 7 Sr^tt 
T»«4 9 0a:M5ML/>:. 

[0185] S i H4 :^'xcr)-^dtti^ 1 . 1 s c c m , Hj 
#.XcOgi[S**4 5 s c cm, PH3/H2X?;?.c08i[a*<9 
s ccmt^:hXoliZ-7Xyvi—a^^hu—^—4 3 
8, 4 36, 4 3 9T-ii^L, ift«^-ry>'N'-4 17|^ 
<7)E.M^ 1 . 0 5 T o r r ic^:^ J: d ic::T^ia*cO=i >-:J^ 
^' ^^^X^-NVl-yTiaS tJt. ««4 9 0OSJS**2 3 0 
'Ctc^l.J: 3{::SKaaf^fflt-^-4 1 OSrfS^t, « 
«?aJK*i^SL.;/'ci:^^-C', a- S i*><i>^:i.^3<0R 

[0186] a-S i A^ib^i>^l<7)RF iSll 1 3 
<?)»fi£W, ^3<7)RF iffiSl 0 4<^fmtWlUKi:yj& 
X'im^ LTtm, SM^l 9 5'C, S iiHe^XCO^ 
4*<2sccm, H2;irx<OS!E*3&*20 Os ccmi:^: 
l> ct pt-vX7n-3>'hn— 7-4 64, 463TiS 
SU, itaf-^'WN'-4 1 7(*]iOJES]{iO. 7 5Tor 

r fc^ri-iaCPSUst. RFm:J30. 007W/cm 
^X-mmO. l/zmCORF iMWSrf^LTt. 

[0187] S iC*»^>=5r-i>lll«0RFpSSl 140 

tm.^ L3tf*, H2;^;:?.«08iE4*<9 0 s c c m, S i H4 
/H2*'X<73g£fiA^3 s c cm, 83 He/Hi ;«f;^<OSS 
*^'8sccm, CH4^';^<7)giEa:«^0. 4sccmi:^ 
IXoiz-^xyxa—ayhti-y-x-m^L. S«iaS 

1 7 o'Cf -e^ofliui, m3<^RFpmmbmi» 

[0188] »:tc, ^^a^fOS^SSfSi'-Ki^rCJ: 'Of'ib 
K2£§IS= t•CfeV^7tTVO-Kf-v>-^^'-4 0 Srt'sy 
-h>'<;U7'4 0 9$:^ttT»^4 9 0 2rffij*U, 
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U-i?L;^^. [0 1 
CO 1 89] iJ^lC, ^lORFpSai 1 4±(c. 

^m®l 1 5fcLT, JliS7 0nmc7)ITO$:aSII« nSil 

[ 0 1 9 0 ] m^mmm 1 1 5±tci3M(7)/v*<ra 

^,^f^-7;^^'2:l8-ti:. C r (40 nm) /Ag ( 1 0 00 ffiii, 

nm) /C r (4 Onm) *»/i>^S^<?5mi|11lil 1 fc. ^ 

6 5rXS^^-£tc J: 0 Ltz. 10 I 

[ 0 1 9 n ^ i,zLxmmmymm:hm'¥-cr>im imi 
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to 194] scmimfsciti^ttix^tism-r-o 

fmL, «]«B?a*llJttS4 5-CX-AM 1 . 5(100 
mW/ c m2 ) 3tBSWTtc 3 0 0 0 ^^*3 i: # (^$6 

-fb^^oatmsajiSft^ (S«-(b^a$&^) , ass 5*0. 



m&S3%cr)^m\.Z2 1 0 0B$^JDV-»/SfiC0S&* (m 

[0195] ^^mja*s.t/^^-fi:f*<o3t^}a?»^ 

<^ay®i. -f^U^^^SS^l^^Sr AM 1 . 5(100 
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mW/c m2 ) (TmrntTiZ^S-LX. V- I n^^rM [0196] 
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[01971 ULhcOi d tc. *%Bjcr)«®a?^S:tl^ 

^ ( s cn 1 ) A>\ t«5ito«/iS5Ke«:>]S^ ( s cifc 

1 ) J: Ots g^<k^^^, 3t^Mk*. ilfJ^Mk*. 

[0 198] <^life0iJ2>lliSfiWJltCfc{t^//c-S i 
*»<9=Jtl.ll3<0 i Jl 1 0 5 ?:-7-f ^'ojSOjiadRSr 0 . 
1 GH zfcSE;?.-cmU. lRl«03tSlt:'3fg^^S:f^i?U 

[ 0 1 9 9 ] S«4 9 0OffiS*J3 3 OXrC^I. J: 3 

iDilft$tl3ti:C:^TVN'/P7'4 61. 451, 450, 4 
6 3. 4 5 32:ii$'*lc;g|V^T, SiHi:(fX^ Hj;^?;^^: 
Xrj;^3»A«4 4 9 SraSLT i S®*fl«f-A' y^-?-4 1 8 

[0 2 00] Zc7)t^. SiHt:^XCOmMt<60sc 
cm, Ht:ff::^(OWiMifi2400s ccmtKc^XoiZ 
#>!rC0-7;^.7n— 3>'ho— -5-4 5 6. 4 5 8fliS 
Liz. iSa«IWf-^>'>'N'-4 ISrtOffi^ti, 0. 2 



[0201 ] mz. :7 ojSmi® ( 0 . 1 G 

wz) cr>n.-h^o. 1 5w/cmnc^st, >'NMr;^ 

:^4 2 8tc6nJPLT:/D-JSc«^^®S-<i:, II3<0RF 
nfflS±{cm3<OiS;iOfra?5:^46L. ill?2. 5/i 
mcOiSJlSr'f^SL/wi:C:^-C'^^o-iit«a:±i^, 113 

[0 2 0 2] A;U:f4 5 1, 4 5 3?:mtt:, iS^it 

af-vy>'N'-4 1 sn^<r>s i H4;<7;^, H2:^;:?.<o8EA 
i SSttm^-v y>'N*-4 1 8nirii.^^:^WS 
|*!^lxlO-6TorrtTXS^^L:!t. CKOSWS 
TtiSmi^J^^S: S CH 2 i: Df^Cl t fct" , 
[02 03] <Jt«!^J2>^fefiajl{Cfc{tl.ll30nM 
SfCa-S i , m3<7) iSJilza-S i Ge . %2<r>Ti 
mm\,Z&-S i , |l2c0iSiit=;a-s i Ge^r-eit-f 

etl:^»^SrSCJt2i:ii?^C:i:i:-r'l.. ilEliW'l-Op 

[0204] 
[^2 1] 
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[0 2 0 5] scm2m/scit2ii'^ti-^ti4m-r^ 



[ 0 2 0 6 ] jffl^i^SS. SCSl2tCJtLTSCJt2<!0 

[0207] 
[^2] 
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[0208] liLtcox z> izz^^B^commmx^mtim'^ 

( SC|g2 ) 3&*, fi!3R<^WSS3teS:ti^^' ( SCJrb 

[0 2 09] «IIJ£^J3>^Jifi^JHcfc(t-g.A£c-S i 
*»4>'2:-6B2iOiM«l 1 0<50J^^-r-l.<50lc. S i H4 



7y;?.c7)oilfi*^'7 0 s c c m, H2Xf;^<7)gia*«2 10 0 
s c cmi:^rl)J;^{::#'7<50v;^7o— 3>hn— 7— 
4 5 6, 4 58T-iilEL, i SJi«iaf-A'i'>'N'-4 1 8 
n<DS.:)iii., 0. 0 5To r r i;=5r.SJ:dtcina*<03 

[02 10] RFmjS4 2 4$rO. 1 5W/cm 

ni^SL.. rx^4 2 8i;:EPSPL3t. -e<ofi. ^ 



(18) 
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mp<^'7^i'^^MMiO. 5GH2) <7)fg:^2r0. 1 



[0211] ll«!fc±iB<0// c - S i *»<i>!5rS^2<0 i 
S/il 1 0$:^JI«7);^SrO. 3 — 2. O/imOSTSS-fti 

[02 12] 
[«3] 
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[0213] ^%^imm. ^mm'F. ^<mi>z-:>\,^ 
[0214] :$:%mcommm^m-)im^i,zt5\,^x , u 

c-S i*>^^ri.^20iSill 1 0coMJP*^'0. 5m 

[0215] immm4 > mmm i (.zmf^u c - s i 

*»^)5a:Sm3<OiSJil0 5iO?^^-r2.<Ofc. SiH, 

/fXcr>^iMtfi8 0 s c c m, Hj^'XiTJ^K**^' 3 2 0 0 
s c c m i: ^r* J: -p O vx 7 a— 3 :^ b a— 7- 
4 5 6, 4 5 8TflISL, i SJB«lfllf-^>'^>'-4 1 8 
ffjcDEfiiiO- 2To r r i:=2rl)<J:atc^EIS^<03y^^ 

r o 2 1 6 1 mz. 55!2Kto-7'f ^oa^SiS ( o . i g 



Hz) tf9fl;:^)SrO. 1 SW/cmHClS^t, >'nMTX 
»4 2 8^atT iM«JtSt^A'>'>'N'-4 1 S^CV^f 

nSii±tcm3i7)iS«0#S5:^4&L, Ji/P3. 0// 
in(7)iaii2rf^i8t/ii:i-5>T2/n-ic«SrjJby), 
TXWMA2A<n\miim. ^3OiS)gl0 5<^ 

[0217] nmz±MZ<^tJ. c - S i *^^>=6r2.m3<7) i 

SJS 1 0 5 ^im-<':>^^ 1 • 0—4 . 0 ju mcorax-^'fl: 
•r. 

[02 18] 
[«4] 
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[0219] wm^^m. mmm^. ^^m^z^^^^ 

Ttil. 5~3. 5/xm<O^T'Slffl±+4i-^t>«0*«#^. 

[0220] :^^m(ommmymm,-^m=!'i,zi5\>^x . u 

c-S i*>/?>^rSm=<OiSJil OScoKJStil. 5u 

[0221] <mtm5>mmmnzt5\fhm2<onm 
isio8cr>m^iimmi>zn^\ mc-s ii}^(:>tchm2 

<^ i 1 1 0OJB^-r€.<?DtCs S i HtA'X<DmMtl^ 



55sccm. H2i!fX^Mt^l 500sccmk^t 
idtc^-^rcovx^n— 3>'hn— -7-4 5 6, 4 58 

a>'h^-y-4eOX'm2(^iMmi 1 OTSiSafce 
fB>'ij3y4"tc-&tix.5.:i^o>'<^-t-^»*^0 — 1 0. 0 
PPmfc=5r^J;di«S LTa®S3tiem:»3#i^5rf^ L 
. ±Miii)^h(r) nmm. imm. p 1 i: |S| 

mi>zimLt:. 

[02 22] ^fc, ll2cOiS;il 1 0 4'iO;Ko>'C7)-g- 
iS-»«7)SS^fc{i, CAMECA^ti^COimf -4f : 
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8. OppmOT^7)m2<:OiSai 1 0(^i^V^T. ?U«B 



(7)imM 1 0 5C0m&'th(^(fZ^ S i H4;<7';^coa[a:;^^* 
45s ccm. H2;<fXOSEfl3tP'l 5 50sc cmi:^ 
S iotc^^covx:?!^— hu— ^ — 4 5 6. 45 

-3>'hn-^-4 6 0Tm3(^iMm 1 0 STfcSSt 



[0229] mmm7>mmmi^zio\.^x. mrz^zi 

07. lOS^OiatCa-S i7i;^^>55r^m2RFnS®2: 

[0230] a-S i**i^>^^^2RFnSJ15:m-r 

-4 1 7(^6ry>VU7'4 4 3. 433. 444. 4345: 

[023 1] SiH4^';^cOg£B*^3scc 
m. H2;^*XC08rLa;^^8 0 s c cm. PHg/Hz;*';^^ 

-4 3 8. 4 3 6. 4 3 9T'il^L. it»^^>'^^-4 
1 7rt<7)i±:;^m . OTor rt^hXolZlSmLtl. 
[0 2 3 2] RFfl;ai4 2 2(7)l;:^S:0. 03W/cm 

±(,Zi!)>S i ;^?^/^^-i>RF nS;i2 0 80?g^2rg3ftS L. 

mf$.i onm(7^m2(DRF nrnm^mfSLLtztz^x-R 



[0224] 
[^5] 
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[02 26] Sg3cOiS;il 0 5 ^OrfCny^O-g- 

■^&com&(^zii^ CAMECAtt^tJOimf -4f Srffl 

[02 27] >-Ur7y4»(c-^^n>l>;fCny^'^Wi7^' 
8. 0ppmaTcr)m3COimmi 0 5lZi5\^X. 

(D^xi,zmtifzm^i)mi^ixt:. ^(om^Mirmeiz 

[0228] 
[^6] 
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(y^^RF nmm2 0 8<7)m^'S:^tfz. 
[0 23 3 ] fm^f-^y^-^—A 1 7l*l-^«DS i H*;^ 

iDj:tf;<fxi2^F^^ 1 x l Q-^To r rtX'm^tSmL 

1 b mmzmm lonmm^vti. 

[0234] ^<7)immmmimmm itm t:^T-*T 

[023 5] <it'mi7>mmmiiziniim3cr>nm. 

mza-S i , mSCOimmi'Za.-S i Ge, M2«0n 
S«t:a-S i , l|2<0iMB(Ca-S i Sr^n-TixR 

■fjm^^cSCitl tf^JiZtb-t^. ±MiW\-<^pm 

[0236] 
[^7 1] 
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[02 37] scmiRx/scstm-^ti^tiemt-^ 
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[0239]c:oJ:5 l3*l%Bjo«JlM3t^«:^ST- 

( SC5I7 ) fig3i«oa«ajtie«:^5ii?- ( scjt 

7) J: Ot, S^-fl^Sft*. 3fe?feMt;^, Itsj^-fk^, 

1 0 2 4 0 ] mmma > mmm i tcfc {ti.^-<^ p i 

n^iO i ;§ 1 1 Oc7)/i c - S i jl<7)fmi:ll«=3:*& 



tzm. mnmi(,zi5if^^-(r>p i nm-^toimmi i 

OtO/z c - S i jliOf^miC±iEcOi^5^frarfflV^T, 
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950nin ©5fe©iR 
mi (cm'O 


<10 


100 


200 


400 




X 


X 


O 


O 




X 




O 


O 




X 


X 


O 


o 




X 


A 


O 


o 



[0242]COJ:5 C2|s:3*BJoa^S3tia«:^S^^ 
(scus) <^f^-<r>v> i n^^CDimm-^hhW^^B 
=y^)-a><r>95Qn m<r)%mSLi^hW^ 2 0 0 c m" i IJLh 

[0243] <mg^J9> ^JIS(?IJ1 (Cfc{tSmHc7)p i 

nS-^tfO i;ii05O//c-si aof^st |s]«^:^rj£ 



•C. 9 5 0 nm^3tiai(X^l&*^'S^^f^!^<^?:«!Wt 
Jtf*. Hififi^f 1 tCt5<t-I.IIH<0p i njf^<^ i MS 1 0 
5 c7)/z c - S i JI<7)f^SgB#tc±f5cOf^i^f^$rfflv^T , 
9 5 0 nm<05t©lR<^SiC**S=5rl.^m:'3lll=-S:4ffl# 

[0244] 
[«9] 
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[0245]c:c7)j:3 i,z:^%B^commmymm.tim^ 
( scm9 ) eomE.<7)p i nm'^coimmx'h^m.m^ 

[0246] mmmio}m5i,z7jk-tx^^j:v}-ju- 

50 10{i:n-K^. 5 4 0 0«io- Kmt:lHa$ 

itto-ju^comuTh 0.515 otiryo- km, 

5 04 2(iri^D-F^lCi2B$ixS^#BX'9?&:lrT-S> 
2.. 

[0247] 5 1 20{im-i0n^*ttmM, 5 130 
«JB-<ORF- 1 ( P/ i ) 5 1 4 0{S^ 

— <0pSJltt«ST'3b.i). t.f.1. 5 07 0{i:mZ.C0nM 
JUtaM, 5 0 9 Otil^rcOMW- i SSit«M. 5 1 
1 0«m~tOpMS«l«M-CJ>^. ^hlZ. 502 0, 
5 0 3 0Ji:lgH<?5 nSJBitffiM. 5 0 4 0(im=OMW 
- i SSJtaM, 5 0 5 0«mZt7)RF - i Mil ( p/ 

i ) mmm, 50 e oi,tm^copmmmmm.x-h&, 

[0248] 5011, 5021. 5031. 504 
1. 5051, 5061, 5071, 5091, 511 
1, 5121, 5131, 5141, 5151 iififSv® 



T'ibO, 5012, 5022, 5032, 5042, 5 
052, 5062, 5072, 5092, 5 1 12, 5 
1 2 2, 5 132, 5 14 2, 5 1 5 2liSf5^'gCS«8 

^tifzMm^yrx'h^. 

[0249] 5201~5214{i?y;^y-hf*>'?, 
53 0 1-53 14{i7yxe^*&l=TS>i). ttl. 502 
5, 5035, 504 5, 5055, 5065, 507 
5, 5095, 5115, 5125, 5135, 514 
5lim\/fxmi^X'h^ . 5026, 5036, 50 
46, 5056, 5066, 5076, 5096, 5 1 
16, 5126, 5136, 5 1 4 ei,im.m:^'XCOi^ 

i^y^mx'hh. 

[0250] 5024, 5034, 5054, 506 
4, 5074, 5114, 5124, 5134, 514 
AiiRFVMTt)*). 5023, 5033, 5053, 
5063, 5073, 5 1 1 3, 5 123, 5 133, 
5 143(SRF^*&ffl<7)llW^r-y;UT-*>2). tf::. 5 
0 44, 5094imVfmMTh*). 5 043, 509 

3iiMwmxm<7)mm'^x'hi, 

[025 1 ] m^ii. 3 0 0 m, ins 0 c m. If $ 

[0252] mz^ m 5 tc^-ro-;u • y- ■ u-)v^ 
^ff)tm'!S.-)]n=m^mm^m\<^x , m 3 i::^-r h u r 



(22) 
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h*^«?|lAfflOn-KS5 0 1 OlC-fe-y h [0 2 53] 

u>t . « 1 0 1 « . h y r;usi3tie«:'3^^<^«^ff mi on 
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[ 0 2 5 4 ] i^- h^immi:-^nm[>^t-kA':^y- v 
r anmss. . ^mmm^mco s ^ £^ y ^/^ti 5 

026, 5036, 5046, 5056, 5066, 5 
076, 5096, 5 1 1 6, 5 1 26, 5136, 5 
14 6 *>^>E)rM<OiSi^xrx$r=&Jta^tc«*& Lfc, -e t 
«.:<f;!t^-h5 20 1-5 2 14CC«-y-hXf;^« 

[0255] ^m^m<r>mmnmm^-i^-x'mwLi: 



Fm^J, V-^:?njS (J^iS^: 0. 5 GHz, 2. 4 5 

GHz) mt)^^mLfz. 

[0 2 56] l2l±(7)Xdl,ZLXi^-h^&UlOOm± 
ten 3 CO P i nmS- 3oW® L/i h U TfU^mMM^ 

0^(0. 5GR2.) ^^m\^.w.3<^im.m<mmz 

{i-^-f :?ojS (2.4 5GHz ) im^Ltz, 

[ 0 2 5 7 ] ijjtc, RFpffifli i4jic, mommM 

1 1 5 1 LT , Ji/S7 0 nmc?) I TOSrStS^SSt'St 
^mLtz. 

[ 0 2 5 8 ] LT, ^mnm 1 1 5±c»ffi<o:?w 

^V^;tVX:?2r«-(i:, Cr {40nm)/Ag (100 
Onm) /Cr (4 0 nm) *>^>^:-&fi3?g<^*«llfiil 
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1 6S-X^3taTXS^L/i. £U:t:% SilSjtS 

[02 59] <itmmio'> 

JitCa-S i, l?2<0iSJit:a-S i ?:fflV>7taJiM 



[0 260] SCmi ORl/SCitl 0ii-^tl^iX8m 

Lfc. a!i^c7)»s*. scsii o^3^:^L•cscltlo<o«f 

^1 otCTF-rJ; otw^foJt. 
[0261] 
[^10] 













^0 


SC^IO 


1 


1 


1 


1 


I 


scjtio 


0-89 


1.21 


1.14 


a99 


0.98 



10262] ZCOXO t,z:^^BM<7)mmmy(M^iJm'^ 

(scmio)tK mk<^mmm.^m.tsm^ ( s cjt 

1 0 ) J: 0 fcs S^'fl51£M&¥, Tl^Mt*, Wl8g^-(b 
[0263] 

[02 64] tti. mE.cr>P i nm-^<7iimmtLXWL 
[02 6 5] $t>tc. IIZICOP i n^-^COiSat'ft^ 

8fcfea->U=i:^o]^/f, ^f.rti/fcitJfSIHOp i nif 
fcS ^>nT ^/wMff^ J'hixr5i< -r^ ^ 1 13 J; o 

X. ^mMizih imm^x'<^mtEm^(r>miit:mm'r 
hzt i]<x'^ . mmm3mm.-:hm=H^'¥X'h , t o ip^t 

[0 2 6 6] ^LX. m-<7)p i n^-^<OiJit:'Zb«.gJ: 
•**fi^ 8 P P ZkiZi-yX. 'J 

[0267] S^t:, 3l~i7)p i nm^C0nmm*mB^e 



ztizx-ox. nmm±i'zm^-^tihiMm<m}^^>' 

<0iJ'-=&-v%m«<7)SIS:^B^B>' U 3 v-SrJg^-r-S. i i:**-?]^ > 

[0268] (i>iZ. HZl. IgHiOp i ngf-^cO i mM 

J;oTJgfiS:$fL, immX'h^m^S^ai^VziycDgso 
n mc03t®JR^^2: 2 0 0 c m" i JjLhi: LtzZtiZX-y 

X. f^-. m^<r>p i nm^(oimmThtw&&i^v 
aycomf^. ^m-Bmx'hht^t(i>tix-^t^mm^ 
9i-tixm< •thztizji'o. mimizx 1 1 ss+ro 

ti^c. zixtx'^m.m'hzt:^im^mtcs>':> 

[0 269] ^UT. a-;u- <y- • o-;uacc J: 0* 
[0270] ^^Di a t=*^HJO«JiS3tS«:'3lg^tC 

[0271 ] ±fz. ip-Wn^zXmi. m~<Dp l nS^ 

(Oimmifzm^^o'>v^y^m\'^. hhop i n^<7) 
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«jWKm'rs<ofc»ji^rS3Jisis*s^-r«i^0-cfc 

100 

10 1 ^JSJi 

102 SBJ^«^ 

103 nmm 

104 im/^-vy r-m 

105 iS^Sv-UnyJi 

106 iffi>'N'>y7r-ii 

107 pSJB 
10 8 nMH 

110 im^^a'^'J^ym 

111 pSS 

112 nS® 

113 iMr^;U7r-Xi^L»3>'a 

114 pS« 

115 i^mm. 

116 mmi;® 

120 ^ 

130 mncop i nS!^ 

14 0 liriTJp i nig-g- ( 5 K;Hr;U) 

15 0 m—COp i njg-^ ( h -yr-fe^P) 
200 

2 0 1 

20 2 ^^mn^m 

2 0 3 nS« 

2 04 iS>'^'•y7r-Jl 

20 5 iSafeB^Bi^Un^-S 

206 iffiv'N'-y 7r-ii 

207 pSS 

2 0 8. 20 9 nS® 

210 isafceB^BV-y^yii 

211 P^ 

2 12 nmm 

213 iSr^:;P7r;^s^'J3>a 

214 P^ 

215 m^nwm 

216 ^miSfii 



2 20 mm 

2 30 MH*?)? i ngf-^ (:KhA-fe;U) 

24 0 SI~CDp i niS-g- ( 5 H/Hr;U) 

2 50 cop i nig^ ( h •yr-teyl') 

3 00 Sf!^ 

3 0 1 ^mm 

30 2 

3 03, 3 17 nmm 
305 iSmSB^BxU^yJl 
3 06 iW<'yyr-m 
307 psa 

3 08 nMil 

310 iSmSSi^'Jnyja 

3 11 pM® 

3 1 2 nSii 

3 13 im.r=ii)\^yrxi^^)-a>m 

3 14 pSS 

3 15 SB^mfli 
3 16 

3 20 mwL 

330 ^Hc^P i nig-^ (+ChA-fe;l') 

3 4 0 lir<?)P i nig-& ( 5 H/Hr/l') 

3 5 0 SI— cOp i nig-g- ( V -yr-fe^l/) 

4 00 im^m 

40 1 D-^'f•■v>'^^'— 

402, 403, 404 ffijU^-vVA— 

40 5 TVC2-K^-vy>N'— 

406.407, 408s 409 dr— h>''<;U7' 

410, 411, 412 

4 13 aWiUffll— yi- 

4 17 nS/iitaf-vWN'- 

4 18 i V''-^"- 

4 19 pM;iit«^^>'>'^'- 

4 2 0, 421 r^X-^Jg^;* -y r 

422, 42 3, 424 RF^iS 

42 5 -7>f :7oja[3*Affl® 

4 26 

4 27 v'-v-y^' — 

4 28 ^nMTX:^ 

429, 449, 469 :^xmX*S 

430—434, 441~444, 450—455, 4 

6 1—46 5, 470—474, 48 1~484 J^/l' 

y 

436—439,456—460,476—479 V 

4 90 SIS 

5 0 10 a- KM 

501 1, 5021, 5031, 504 1, 5051. 
5061, 5071, 5091, 5111, 5121, 
5131, 5141, 5151 Sf^vf 
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501 
506 
5 1 3 
520 
530 
502 
502 
5 11 



5 02 
5 11 
502 
507 
5 14 
502 
507 



2. 
2, 
2, 
1 — 
1~ 
0. 
3, 
3, 
—7 
4. 
4, 
5, 
5, 
5 

6. 
6. 



5022. 5032. 5042. 
5072. 5092. 5 1 1 2. 

5 15 2 m%^yy 

5053. 5063. 
5133 



5052. 
5 122. 



5 14 2 

52 14 

53 14 
503 0 
5033 
5 123 

5034 
5 124 
503 5 
509 5 

5036. 5046. 5056. 
5096. 51 16. 5126. 



5143 



5054. 5064. 
5134. 5144 
5045. 5055. 
5 115. 5125. 



5 07 3. 

5074. 

506 5. 
5 13 5. 

506 6. 
5 13 6. 



5 146 S=Jr'>y^^S 

5 0 4 0 ^zcTjMw - i mmmnm 

5043. 5093 MWm^J^mW^ 

5044. 5094 MWmM 
50 50 IIH<7)RF- iS® (p/i ) 

5 060 m=<Dpmmimm 
5 07 0 m-<onmmtmm 

5 0 9 0 m~«OMW- i SJliflSIS 

5 110 m~<Dpmmims. 

5 120 ^^-(onMmmmm. 

5 130 m-i^RF -i mm (p/i)imm. 

5 140 m-<r)pmmimm 

5 150 T^-o-FM 

5 4 0 0 u-ju^<7)mm 

5 04 2 m^JR*)i^M: 



mi ] 



m2] 



iie- 

116- 
114. 

m<OpinS(fr 150< 113- 
U2- 

111- 



tt2iDpintt# 140" 



ttSeplnft^ 130" 



120 1 



110- 

108- 
107- 
108- 
105- 
104- 
103- 

102- 
101- 
100- 



JZL 



a -Si 



pc-Si 
c-Si 



250 . 



' 214- 



240 < 210 - 

209- 
,208- 



230 . 



JZL 



a-Sl 
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